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A method is described for the determination of urea in plasma and urine. The effects of variations in the experimental conditions are examined and the results of recovery experiments and other tests of precision and accuracy are reported.
In comparison with other methods in current use, this method has distinct advantages in sensitivity, simplicity, and precision, thus economizing in time, sample volume, reagents, and equipment.
Although urea in biological fluids is frequently measured, a method has yet to be described which is precise, sensitive, and simple. Those most commonly used depend on the measurement of ammonium carbonate produced by hydrolysis with urease, or on the measurement of the yellow pigment formed by condensing diacetyl with urea. The best results are obtained by urease hydrolysis followed by aeration and titration of ammonia, but this requires large samples and is time consuming.
The reaction of ammonia with sodium phenate and hypochlorite to produce a blue colour (Berthelot, 1859; Thomas, 1912) was used by Borsook (1935) in the estimation of ammonium carbonate produced by hydrolysis of urea. Lubochinsky and Zalta (1954) found that the colour reaction was greatly improved in speed, yield, and reproducibility by the presence of sodium nitroprusside as a catalyst. Their discovery is adapted here for the determination of urea after hydrolysis with urease. The present method is as simple and rapid as techniques using Nessler's reagent or diacetyl, but has greater precision, similar to that of the aeration-titration procedure. It can be applied to as little as I0 M*l. of plasma.
Method
Reagents.-Some distilled water may contain sufficient ammonia to make it unsuitable for the preparation of reagents and standards and for the dilution of samples. It is therefore necessary to redistil from all-glass apparatus or to use a cation exchange resin, e.g., Zeo-Karb 225, Na form. As an *Leverhulme Research Fellow. additional safeguard, the same batch of water is used for the preparation of the blanks and dilute standards and for the dilution of the samples.
Stock (Vogel. 1951 ) by adding excess acid and potassium iodide and titrating with sodium thiosulphate. A variation of ± 20% in normality has no measurable effect on results. This solution keeps for at least a month in darkness at room temperature.
Urease Incubation.-The sample incubated with urease preferably contains between 1 and 5 jAg. of urea nitrogen. Therefore plasma is diluted 1: 100, or 1: 500 if the concentration is known to be high, and urine is diluted 1: 1,000 or 1: 2,500. One millilitre portions of water, dilute standards, and dilute samples are measured into 6 in. by 1 in. test tubes. One millilitre of buffered urease solution is added to each, which is then placed in a 370 C. water-bath for five minutes or left at room temperature for 10 minutes.
An alternative procedure is to pipette 10 pl. portions of stock urea standard and of plasma directly into 2 ml. of urease solution and to incubate as above. This avoids prior dilution, but the precision is limited by that of the pipette. Repetitive measurements with a constriction pipette, calibrated to contain 10 ,ul., have a coefficient of variation of about 1 %.
Prefonned Ammonia.-In all methods depending on the quantitative hydrolysis of urea to ammonium carbonate, preformed ammonia contributes to the final measurement. It is customary to neglect plasma ammonia, but if accurate urea results are required on urine the ammonia nitrogen must be allowed for. Urinary ammonia is measured by the same procedure as that described, substituting water for the urease solution; 1 ml. of a 1:200 dilution is usually satisfactory.
Colour Development. -After incubation, the following solutions are added immediately after each other to each tube: 2 ml. of sodium phenate, 3 ml. of 0.01% sodium nitroprusside, and 3 ml. of sodium hypochlorite. Maximum colour development is greatest in the absence of direct sunlight and is complete in 15 minutes at 270 C. and 30 minutes at 19°C. Optical density at 630 MA is then constant for at least 24 hours.
After subtraction of blank readings, optical density is directly proportional to urea concentration.
Results
The results presented here describe (a) the characteristics of the reaction, including the effect of variations in the experimental conditions; and (b) the precision and accuracy of the method, It is important that the colour reagents are added promptly after each other. For every minute interval between the addition of nitroprusside and hypochlorite the final optical density is diminished by about 1.5%.
The depression of optical density by direct sunlight may be of the order of 10%, but filament and strip lighting are without effect. Although precautions can be taken to subject standards and unknowns to equal sunlight, it is better to carry out the reaction where natural lighting is minimal or to develop the colour in darkness.
Temperature has important effects on the speed and intensity of colour development. Maximum optical density is attained in 30 minutes at 19°C., 20 minutes at 240 C., 15 minutes at 270 C., and five minutes in a 370 C. water-bath. In each case the density is then stable for at least 24 hours. Development in a 370 C. water-bath yields densities about 10% less than development at 200 C., standards and unknowns being influenced equally, provided that the interval between adding the reagents and transferring to the bath is constant. It is more convenient to develop colour at room temperature, except in emergency work when each tube is placed in the 37°C. bath immediately after adding the reagents and is left there for five minutes.
The phenate-hypochlorite reaction is influenced by pH, and it was necessary to incorporate buffers in applying it to Kjeldahl digests (Lubochinsky and Zalta, 1954) or to acid solutions for absorption of ammonia (Brown, Duda, Korkes, and Handler, 1957) . In the present application the inclusion of a buffer has proved unnecessary.
It was not found possible to simplify the procedure by combining colour reagents, as the combinations are very unstable. The Mean recoveries were 100 % by the present method and 99.3% by aeration.
The recovery experiments and the good correlation with the aeration method suggested that there was unlikely to be significant interference by substances commonly encountered in plasma or urine. Nevertheless, five substances that might interfere were investigated, namely, glucosamine, glutamine, and citrulline, which readily liberate ammonia, and bilirubin and haemoglobin. Each of these substances was added to diluted plasma in concentrations shown in Table IV . The three labile amines caused no interference, and the interference by high concentrations of bilirubin was small. Interference by Plasma containing less than 50 mg. urea N per 100 ml. 11-1 +0-7 +5-9 11-4 13-1 -1-7 -14-9 12-6 12-4 +0-2 +1-6 12-9 13-3 - haemoglobin was greater and unpredictable, being positive at low urea levels and negative at high ones. This indicates that accuracy is reduced in the presence of haemolysis. All methods employing urease followed by measurement of the products of hydrolysis yield a result with plasma even in the absence of the enzyme. This may be due partly to plasma ammonia, and possibly other substances, and partly to non-enzymic hydrolysis of urea. In a series of 10 plasma samples stored in a refrigerator up to 30 hours and containing from 8 to 140 mg. of urea nitrogen per 100 ml., this was found to correspond to an average of 0.4 mg. of nitrogen per 100 ml. by both the new and aeration methods. Three plasma samples which had been stored in a refrigerator for two months gave results of 1.6 to 2.9 mg. of nitrogen per 100 ml.
Discussion
The 'great sensitivity of the colour reaction permits the measurement of very small amounts of urea in small samples, which therefore require very little urease. Special purity urease is to be preferred to cruder preparations because of the lower blanks, maximum specificity, and absence of insoluble material which would require centrifuging. Although the special purity enzyme is expensive, so little is used that the cost of reagents with this method is about one-fifth of that using commercial urease tablets and aeration.
The precision of this method is as good as that of the best routine procedure. There is, however, one hazard arising from the sensitivity of the colour reaction, and this is the unintentional use of distilled water containing ammonia, for example, from a wash bottle.
The present method is about as quick as the Nesslerization and diacetyl procedures and is considerably quicker than the aeration technique. This remains true if one takes into account tirne spent in preparing reagents and cleaning apparatus. In the presence of exceptionally large quantities of urea, it has a great advantage over other methods because one can validly dilute the final solution for absorptiometry instead of having to repeat the assay from the beginning. It is also convenient that, without any special modification, this procedure is equally suitable for plasma, urine, and other biological material.
